Diabetic retinopathy (DR), diabetic macular edema (DME), and cardiovascular disease (CVD) resulting from vascular damage from persistently elevated blood glucose levels are among the serious secondary pathologies associated with long-standing diabetes mellitus. The established link between DR and CVD suggests the need for appropriate and early management of patients with diabetes to minimize CV risk. This is of particular importance in patients with recent, or a history of, major CV events. Early management of DR is a complex task that requires comprehensive evaluation and a multidisciplinary approach to manage complications, risk factors, and interactions between different aspects of the disease. Anti-vascular endothelial growth factor (VEGF) agents have become an important therapeutic modality in ophthalmology. However, their use is contraindicated in patients with DR and/or DME with a CV event in the previous 3 months. In patients with DME, corticosteroids target the multifaceted inflammatory pathways involved in the pathogenesis of DR, with a broader spectrum of action than anti-VEGF agents. In this context, recent guidelines suggest the use of corticosteroids, and in particular dexamethasone intravitreal implant, as a well-tolerated and efficacious first-line treatment in patients with high CV risk, such as a history of or recent major CV events. This review focuses on the subset of diabetic patients with a prior CV event, DR, and DME and discusses the need for a holistic approach in evaluating the optimal therapeutic choice for the care of the individual patient, supported by real-world clinical experience on long-term dexamethasone intravitreal implant therapy.
Introduction
Diabetes mellitus is a chronic and progressive metabolic disease due to absolute (Type 1) or relative (Type 2) insulin deficiency causing hyperglycemia [1] . Recent epidemiological data from the International Diabetes Federation (IDF) estimate that in 2017, the global prevalence of diabetes was 8.8% among individuals 20-79 years of age, and projected to increase to 9.9% by 2045 [1] . Most cases (87-91%) are represented by type 2 diabetes, with overweight and obesity being the main risk factors [1, 2] .
Long-standing diabetes is associated with a range of secondary pathologies due to vascular damage from persistently elevated blood glucose levels, which include both macrovascular [coronary artery disease (CAD), peripheral artery disease (PAD), and cerebrovascular disease] and microvascular [peripheral neuropathy, diabetic eye disease mainly cataracts, diabetic retinopathy (DR), and diabetic macular edema (DME)] complications. Given this, the risk of cardiovascular (CV) disease is increased two-threefold in patients with diabetes [1] and is comparable to the risk of non-diabetes subjects with a previous CV accident [3, 4] . In fact, a study performed in the Finnish population found that the incidence of myocardial infarction (MI) over 7 years in subjects with type 2 diabetes (20.2%) was highly similar to that of non-diabetes subjects with previous MI (18.8%) [3] . In a later study in the Danish population of at least 30 years of age, patients with diabetes had a risk of CV mortality that was comparable to non-diabetic patients suffering from a previous MI, with no correlation between sex and type of diabetes [4] .
Diabetes-related complications are thus associated with increased mortality, and in 2016, diabetes was identified as the seventh leading cause of death worldwide [5] . In fact, mortality in patients with type 2 diabetes is about threefold higher than in healthy individuals, mainly due to CV and renal complications [6] . For example, in the Verona Diabetes Study, CV disease accounted for 41.8% of deaths in the study population [6] . More recently, it has been estimated that 65% of deaths due to diabetes in the USA are due to CV disease, stroke, or both [1, 6, 7] . Therefore, in the case of CV events, there is an objective need for prolonged surveillance (beyond the first year), particularly in patients with additional risk factors such as diabetes.
Considering the above, the need for appropriate and early management of CV risk in patients with diabetes has recently been reinforced by guidelines from the European Society of Cardiology [8] and the American Diabetes Association [9, 10] . In addition, another important aspect of diabetes management is related to the strong correlation between microvascular and macrovascular complications, and, in this regard, the presence of DR has been associated with the development of CV disease, cerebrovascular disease, and PAD [11] .
Early management requires comprehensive evaluation and a multidisciplinary approach to manage complications, risk factors, and interactions between different aspects of the disease. The present review will focus on the subset of diabetic patients with a prior CV event, DR, and DME as an example of such interactions and will discuss the need for a holistic approach in evaluating the optimal therapeutic choice for the care of the individual patient. In particular, potential differences in individual systemic absorption after intravitreal drug administration and the subsequent impact that such alterations may have in both the short-and long term will be considered.
Diabetic eye disease and cardiovascular risk
Diabetic eye disease is, in fact, a spectrum of ocular pathologies, ranging from DR and DME to cataracts, glaucoma, and double vision [1] . Signs of DR can be identified in about onethird of patients with diabetes [12] , and it is a leading cause of blindness in the working-age population in developed countries [1, 10, 13] . Vision-threatening states, such as DME and proliferative retinopathy, are recognized in about one-tenth of the diabetic population [14, 15] . While proliferative retinopathy is mainly characterized by neovascularization due to retinal hypoxia, DME involves disruption of the blood-retinal barrier (BRB), leading to fluid accumulation in the central part of the retina [16] .
From a pathophysiological standpoint, inflammation plays a central role in the pathogenesis of DR, especially for DME [16] . At the same time, hyperglycemia, advanced glycation end products (AGEs), proinflammatory cytokines, and retinal hypoxia are all responsible for upregulation of vascular endothelial growth factor (VEGF), which leads to alterations in the blood-retinal barrier (through increased permeability) and to retinal neovascularization (by favoring angiogenesis) [14] . Therefore, DR is a clear example of glucose damage to the vascular bed and tissues: Capillary abnormalities in the retina are one of the first pathological changes due to hyperglycemia and correlate with vascular damage in other organs and tissues [17] .
Several studies have demonstrated that DR is strongly linked to CV disease. In a systematic review and meta-analysis of observational studies, any degree of DR was significantly correlated with a two-fourfold increased risk for all-cause mortality and/or CV events in both type 1 and type 2 diabetes, compared to diabetic subjects without retinopathy [18] . In the large population study by Schramm et al., all patients with diabetes and on glucose-lowering treatment were found to be at risk of CV mortality and morbidity, which was similar to that of non-diabetics with prior MI (Fig. 1 ) [4] . Additionally, the study by Jernberg et al. [19] highlighted that in patients with prior MI, diabetes was an independent risk factor for subsequent ischemic events and death (Fig. 2) .
In another trial, CV risk was higher in proliferative than in non-proliferative retinopathy (18.7 ± 10.0% vs. 11.3 ± 8.4%, p = 0.01), but proliferative retinopathy was also more frequent in a high CV risk group versus a low-risk group (20% vs. 4.1%, respectively; p = 0.04) [20] . More recently, in diabetic patients with retinopathy, an increased risk ratio (RR) of 2.33 (95% CI 1.92-2.81) was confirmed for allcause mortality, as well as for stroke (RR = 1.74, 95% CI: 1.35-2.24) and heart failure (RR 2.24, 95% CI 0.98-5.14, p = 0.056) [21] .
Based on this evidence, it could reasonably be hypothesized that the microvascular alterations observed in the retina might parallel the pathological changes seen in other organs, such as the heart and brain [21] , and might contribute to being able to better define individual CV risk profiles.
Relevant points
• DR can be considered a clear and easily detectable example of glycemia-induced vascular damage in diabetes, which could also reflect what happens in the CV system. • Both inflammation and VEGF-mediated pathways play a fundamental role in the pathogenesis of DR and DME. • DR severity and its deterioration over time are correlated with a progressively increased risk for CV events compared to patients with diabetes and no retinopathy in both observational studies and randomized clinical trials.
Therapeutic approaches to diabetic macular edema
Recent decades have witnessed an important evolution in the management of DME. Importantly, metabolic control of glycemia and management of other risk factors (high blood pressure, hyperlipidemia) still remain at the core of preventing the development and progression of the disease [10, 16] . Laser photocoagulation is no longer the standard of care in DME and is now generally limited to specific forms of the disease, such as the vasogenic subforms or in eyes with a central retinal thickness (CRT) < 300 µm or vitreomacular adhesion [16] . Vitreoretinal surgery is a second-line treatment to be used only in specific conditions characterized by vitreous hemorrhage or retinal detachment [14, 16] . Today, intravitreal pharmacological treatment using anti-VEGF agents or corticosteroids is the standard of care for DME [16] .
Anti-vascular endothelial growth factor agents
The development of anti-VEGF agents targets one of the main pathogenetic mechanisms of DME. These molecules inhibit VEGF-A to decrease vascular permeability and to slow the breakdown of the blood-retinal barrier by impeding angiogenesis through a mitogenic effect on endothelial cells. They also enhance both the migration of endothelial cells and adhesion of leukocytes to vascular walls via stimulation of ICAM-1 and VCAM-1 [14] . At present, three different anti-VEGF molecules are commercially available. Bevacizumab is an anti-VEGF humanized monoclonal antibody, inhibiting the binding of all VEGF isoforms to its receptors. It was first developed for colorectal cancer and was later used as intravitreal therapy for DME [16, 22] . When compared to ranibizumab and aflibercept in the National Institutes of Health (NIH)-sponsored DRCR.net (Diabetic Retinopathy Clinical Research Network) Protocol-T study on patients with DME, it improved the mean bestcorrected visual acuity (BCVA) score after 1 and 2 years, even if to a lower extent than aflibercept in the subpopulation with poorer visual acuity at baseline (p < 0.001 and p = 0.02 for aflibercept vs. bevacizumab, at 1 and 2 years, respectively) [23, 24] .
Ranibizumab is a humanized monoclonal antibody Fab fragment that was developed for intravitreal use against all isoforms of VEGF-A, inhibiting the binding of VEGF-A to its receptors [16, 25] . In the pivotal RISE and RIDE studies (two parallel, double-masked, twin trials), two different ranibizumab dosages (0.5 mg and 0.3 mg once a month) were compared to sham injection in 759 subjects with DME [26, 27] . After 2 years, both ranibizumab doses demonstrated a significantly greater improvement in visual acuity (p < 0.001), with a lower number of macular laser procedures (p < 0.0001) [26] . The results observed at 24 months were also maintained during the 3-year extension study [27] .
Aflibercept is a recombinant fusion protein in which the extracellular domains of human VEGF receptors 1 and 2 are linked to the Fc fragment of human immunoglobulin (Ig) G1. It acts as a decoy receptor, linking VEGF-A and placental growth factor to reduce their interaction with VEGF receptors [28] . In randomized trials in patients with DME, both ranibizumab and aflibercept showed an improvement in visual acuity versus sham injections and laser therapy [26, 27, [29] [30] [31] . The three agents were directly compared in the NIH-sponsored DRCR.net Protocol-T trial, where aflibercept was associated with greater improvement in visual acuity at 1 year compared to bevacizumab and ranibizumab in the subgroup of patients with poorer baseline visual acuity, although at 2 years the difference was significant only compared to bevacizumab [23, 24] .
Despite their efficacy, one crucial aspect in the clinical use of anti-VEGF agents is their pharmacokinetics, i.e., intravitreal/systemic half-life and systemic exposure after intravitreal administration, due to a possible impact on the systemic safety profile. Bevacizumab has an intravitreal halflife of 3-6.7 days after a single intravitreous administration [16] and a systemic half-life of 20 days after intravenous infusion [22] . On the other hand, after intravitreous injection, the intravitreal half-life of ranibizumab is 9 days with a systemic half-life of around 2 h [25, 32] . Less pharmacokinetic data are available for aflibercept, whose systemic half-life after intravenous administration of 2-4 mg/kg doses is 5-6 days [33] .
A recent prospective, non-randomized clinical trial in 151 patients affected by different eye diseases [neovascular age-related macular degeneration (AMD), DME, or retinal vein occlusion (RVO)] demonstrated that after three monthly intravitreal injections of aflibercept 2 mg, bevacizumab 1.25 mg, or ranibizumab 0.5/0.3 mg, the systemic concentrations of the anti-VEGF agent were highest with bevacizumab, followed by aflibercept, and lowest with ranibizumab ( Fig. 3 ), probably due to the presence of a Fc fragment in both bevacizumab and aflibercept, which could be responsible for the reduced clearance through the FcRn-mediated mechanism (which stimulates recycling in the endosomes of endothelial cells). Furthermore, as a direct consequence of increased systemic exposure, among the three molecules, aflibercept produced the greatest inhibition of plasma-free VEGF versus baseline ( Fig. 4 ) [34] . Regardless of differences between individual molecules, it should be stressed that all the available anti-VEGF agents have shown some degree of systemic absorption and, more importantly, inhibition of plasma-free VEGF.
To date, there is no clear picture of the clinical consequences of the systemic VEGF suppression with intravitreal anti-VEGF treatment. It is well known that systemic exposure with intravenous use in oncology is characterized by a wide spectrum of side effects, such as hypertension, arterial thromboembolic accidents, renal dysfunction, gastrointestinal perforations, and compromised wound healing and tissue repair ( Fig. 5 ) [34, 35] . However, the registrative trials in DME used much smaller doses for intravitreal therapy compared to the high intravenous dosages used in oncology, with a generally safe profile of anti-VEGF agents in the overall population [36] . Nevertheless, it should be noted that subjects with an already high level of baseline risk for adverse events from these drugs were usually excluded from clinical studies: In the RISE/RIDE trials, uncontrolled hypertension or diabetes and recent history (within 3 months) of cerebrovascular accident or MI were exclusion criteria; similarly, in the VIVID/VISTA trials, patients with cerebral vascular accident and/or MI within 180 days prior to day 1 were excluded [26, 30, 36] .
The use of the three anti-VEGF agents in patients with DME was directly compared in the Protocol-T study. At 1 year, no differences were seen in the occurrence of serious adverse events, deaths, hospitalization, or CV events [23] . At 2 years, however, ranibizumab showed a higher incidence (12%) of Antiplatelet Trialists' Collaboration (APTC) events (mainly non-fatal stroke and vascular deaths), compared ◂ to 8% with bevacizumab and 5% with aflibercept (global p = 0.047; pairwise comparisons: p = 0.34 for aflibercept vs. bevacizumab, p = 0.047 for aflibercept vs. ranibizumab, and p = 0.20 for ranibizumab vs. bevacizumab) [24] . More recently, a Cochrane systematic review and network metaanalysis did not show any difference among the three anti-VEGF drugs in serious systemic adverse events (i.e., hospitalization, disability, or death) with a moderate-to-high level of evidence. Nevertheless, when trying to exclude Mean (95% CI) plasma-free vascular endothelial growth factor (VEGF) with aflibercept, bevacizumab, and ranibizumab in (a) patients with age-related macular degeneration (AMD), b patients with diabetic macular edema (DME), and c patients with retinal venin occlusion (RVO). LLOQ lower limits of quantitation; ITV intravitreal. Modified from Avery et al. [34] differences for less common events such as arterial thromboembolic events (i.e., vascular death, stroke, MI) and death from any cause, the level of evidence was low or very low due to bias, short duration of follow-up, or lack of precision for estimates [37] .
Additional information on these agents comes from the RISE and RIDE trials, where the 3-year data showed a higher incidence of serious adverse events that was potentially related to systemic VEGF inhibition at the higher ranibizumab dose (0.5 mg) compared to the lower dose (0.3 mg) and to sham (19.7% vs. 16 .8% and 13.1%, respectively; statistical comparison was not performed because ranibizumab 0.5 mg was initiated in the sham arm during the third year) [27] . In a post hoc analysis of the Protocol-T study, where patients were grouped based on the presence or absence of a previous history of stroke or MI at baseline, the incidence of APTC adverse events was higher in the subgroup at major CV risk (10%, 20%, and 36% with aflibercept, bevacizumab, and ranibizumab, respectively) compared to the subgroup at lower risk (5%, 6%, and 9%, respectively), stressing the importance of baseline CV status for the systemic safety profile of anti-VEGF agents ( Table 1 ) [24] . The finding was further confirmed in a recent systematic review and metaanalysis evaluating the systemic safety of aflibercept and ranibizumab in subjects considered at high risk for arteriothrombotic events, such as those with diabetes and DME, who were intensively exposed to the drugs for 2 years with monthly injections. An increased risk of death was demonstrated in the anti-VEGF arm (combined aflibercept and 0.5 mg ranibizumab) compared to sham/laser group [odds ratio (OR) 2.98; 95% CI, 1.44-6.14; p = 0.003], together with an increase in vascular-related death (OR, 2.51; 95% CI, 1.08-5.82; p = 0.03) and cerebrovascular accidents (OR, 2.33; 95% CI, 1.04-5.22; p = 0.04) [36] .
Pregnancy represents another situation in which management of DME could be challenging, because of concerns of the potential deleterious antiangiogenic effects of anti-VEGF drugs on a developing fetus. For the intravitreal injection of aflibercept, the FDA advises women of reproductive potential to use contraception before the initial dose, during treatment, and for at least 3 months after the last administration. Nevertheless, although cases of early fetal decease have been reported, most cases in the literature have not shown any demonstrable damage related by intravitreal anti-VEGF therapy during pregnancy. As diabetes and systemic comorbidities in diabetic patients are known risk factors for miscarriage or pregnancy complications, a cause-effect relationship has not been firmly established, as NO nitric oxide; VEGF vascular endothelial growth factor; VEGFR vascular endothelial growth factor receptor. Reproduced from Chen et al. [35] recently stated by Peracha and Rosenfeld [38] . The current shared practice is postponing anti-VEGF therapy in pregnant or breast-feeding patients, because of presumed risk to the child. Pre-menopausal women requiring anti-VEGF treatment should undergo pregnancy test to exclude childbearing status, and contraception should be used during therapy. Alternative therapies for DME should be also considered, as intravitreal corticosteroids or focal laser [39] .
As a consequence, although intravitreal anti-VEGF agents seem to be generally safe, attention should be given to patients who are at higher risk for CV disease, such as those with diabetes and those with previous/recent myocardial or cerebrovascular accidents, and in pre-menopausal women, as the sustained suppression of systemic VEGF could be related to potential safety issues [16, 36] . The fact that there are limited data on the systemic safety of anti-VEGFs in different patient subgroups is also mentioned in the respective Summaries of Product Characteristics, and caution is suggested in treating these patient populations [25, 28] . Accurate evaluation of the CV risk profile of patients with DME is thus warranted in order to appropriately use an anti-VEGF agent in the right patient at the right time. Furthermore, considering the long-term persistence of increased CV risk in such subgroups of patients [19] and the need for repeated treatment, rigorous evaluation should be maintained even in the long term.
Relevant points
• Anti-VEGF agents are an important option in the therapeutic armamentarium for patients with DME, which can improve visual acuity and reduce loss of vision. • The pharmacokinetic characteristics (intravitreal/systemic half-life and systemic exposure after intravitreal administration) are different for the currently available anti-VEGFs: Systemic concentrations are highest with bevacizumab, while aflibercept is responsible for the greatest inhibition of plasma-free VEGF even if all agents show some degree of inhibition. • Systemic exposure to intravenous anti-VEGFs in oncology is linked to a clear pattern of side effects, and the medical community is trying to better understand their systemic safety profile after intravitreal administration. • While intravitreous anti-VEGFs seem to be generally safe in the overall population of patients with DME, a safety signal for death and vascular accidents has been shown in subjects who are at risk for CV disease at baseline and who are intensively treated with monthly injections. • Moreover, anti-VEGF should not be offered in pregnant women and contraception should be advised during treatment. • As a consequence, baseline CV risk and pregnancy status should be carefully assessed in every patient APTC Antiplatelet Trialists' Collaboration [66] Global p value adjusting for prior myocardial infarction, prior stroke, p = 0.06 a From any potential vascular or unknown cause Aflibercept (n = 203) Bevacizumab (n = 193) Ranibizumab (n = 193)
Participants with no myocardial infarction or stroke prior to baseline Vascular events according to the Antiplatelet Trialists' Collaboration occurring at least once at any time during the study, n (%) Non-fatal myocardial infarction 6 (3) 3 (2) 4 (2) Non-fatal stroke 2 (< 1) 5 (3) 6 (3) Vascular death a 2 (< 1) 4 (2) 7 (4) Any Antiplatelet Trialists' Collaboration event 10 (5) 12 (6) 17 (9) Aflibercept (n = 21) Bevacizumab (n = 25) Ranibizumab (n = 25)
Participants with myocardial infarction or stroke prior to baseline Vascular events according to the Antiplatelet Trialists' Collaboration occurring at least once at any time during the study, n (%) Non-fatal myocardial infarction 1 (5) 0 (0) 2 (8) Non-fatal stroke 0 (0) 1 (4) 5 (20) Vascular death a 1 (5) 4 (16) 2 (8) Any Antiplatelet Trialists' Collaboration event 2 (10) 5 (20) 9 (36) with diabetes in order to appropriately administer anti-VEGF agents; patients with a prior CV event in the previous 3 months, DR, and/or DME are not candidates for anti-VEGF therapy as they were excluded from major registrative trials and there is limited safety information available. • Considering that CV risk persists in the long term, a similarly comprehensive approach should be maintained in the long term.
Corticosteroids
Inflammation is another crucial player in the pathogenesis of DR. The hyperglycemia-induced pathways related to DME include those involved in the generation of AGEs and reactive oxidative species, to the synthesis of proinflammatory agents, such as adhesion molecules, cytokines, and VEGF, as well as protein kinase C [40] . The final outcome is the disruption of the blood-retinal barrier, due to damage to endothelial cells, alterations in tight junction proteins, and increased permeability [16, 41] . Corticosteroids, due to their anti-inflammatory action, are able to counteract these effects, reducing migration of leukocytes and suppressing the production of cytokines and interleukins, including VEGF [16, 42] . At present, three corticosteroids are commercially available for intravitreal use: triamcinolone acetonide, dexamethasone, and fluocinolone acetonide. The structural variations between the three molecules lead to differences in receptor binding, solubility, and pharmacokinetics [43] . Dexamethasone and fluocinolone acetonide have similar anti-inflammatory potency (higher than triamcinolone) [43] , while dexamethasone shows a twofold higher hydrosolubility than fluocinolone, with a consequently greater receptor binding affinity and bioavailability [43] . Higher aqueous solubility also means that its half-life is reduced in the vitreous, which is why dexamethasone is used in a prolonged-release biodegradable implant that maintains a sustained drug concentration in the vitreous over time (6 months) [42, 43] .
From a pharmacokinetic standpoint, most of the data on the three molecules are from animal studies, with few investigations in humans. In a study on monkey eyes receiving bilateral 0.7 mg dexamethasone implants (DEX-I), drug delivery followed a bi-phasic time course in the retina and vitreous, with higher intravitreal concentrations in the first 2 months followed by lower levels for up to 6 months. The evaluation of the biological activity of dexamethasone through the expression of CYP3A8 demonstrated increased levels in the retina for 6 months [44] . No data in humans are available for dexamethasone. Regarding fluocinolone acetonide implants, a study performed in rabbits demonstrated a concentration peak in the vitreous at 2 days after administration and a progressive decline during the first 3 months [43] . In a clinical trial in patients with DME, intravitreal insertion at a dose of 0.2-or 0.5-micrograms/day led to peaks at 1 week and at 1 month after administration, which slowly declined thereafter, although therapeutic concentrations were maintained for up to 1 year [45] . Among the three available corticosteroids, triamcinolone acetonide has the shortest half-life in the aqueous humor after intravitreous administration, ranging from 3.2 days in vitrectomized to 18.6 days in non-vitrectomized human eyes [43] .
Water solubility also has an important impact on steroid binding to the trabecular meshwork and lens, which increases with increasing lipophilicity, and which may be responsible for some class side effects, such as cataract and increased intraocular pressure (IOP). The latter is directly related to steroid partitioning in the above-mentioned tissues, with a consequent increase in intraocular volume or obstruction of trabecular meshwork due to precipitation (such as for triamcinolone acetonide) [46, 47] . Dexamethasone is characterized by the highest aqueous solubility and lowest lipophilicity compared to triamcinolone acetonide and fluocinolone acetonide, leading to a very low level of binding to the trabecular meshwork and lens in bovine/human ocular tissues [47] . This aspect may be responsible for a lower incidence of increased IOP and cataract compared to the other two molecules.
A systematic review and meta-analysis of prospective randomized studies, prospective cohort trials, and retrospective studies demonstrated an incidence of ocular hypertension (OHT) of 32% in subjects treated with 4 mg triamcinolone acetonide, 66-79% with fluocinolone acetonide implants (0.59 mg and 2.1 mg doses, respectively), and 11-15% with dexamethasone implants (0.35 and 0.7 mg doses, respectively) [46] . In the MEAD registrative trials (two randomized, sham-controlled, phase 3 identical protocols), 3-year data showed an increase in IOP from baseline in 30.8% of DME patients treated with DEX-I 0.7 mg (the approved dose), requiring surgical or laser in only 1.2% of subjects and usually managed with IOP-lowering drugs [41, 48] . There was no cumulative effect on IOP from repeated dexamethasone implants since no increase in IOP-related events was seen over time and the proportion of patients using IOP-lowering drugs during the 3-year observation remained stable [41] . Cataractrelated adverse events were observed in 67.9% of subjects, and cataract surgery was needed in 59.2% of cases [41] . In the FAME studies (two parallel, randomized, phase 3 protocols in patients with DME), 0.2 µg/day fluocinolone acetonide showed, after 3 years, increased IOP in 37.1% of patients (needing trabeculoplasty in 1.3% and incisional glaucoma surgery in 4.8% of cases) and occurrence of cataract in 81.7% of treated subjects (in the high dose of 0.5 µg/day; increased IOP and cataract were observed in 88.7% and 45.5% of enrolled subjects, respectively) [49] .
Based on these characteristics and differences, Guidelines for the Management of Diabetic Macular Edema from the European Society of Retina Specialists (EURETINA) recommend dexamethasone as first choice among corticosteroids, followed by fluocinolone in case of nonsteroid responders with chronic macular edema that does not respond to other therapies, while triamcinolone, characterized by a poorer safety profile on IOP and cataract and the absence of a specific indication for DME, should be used only in patients who are not candidates for other drugs [16] .
Dexamethasone is provided in an intravitreal, rod-shaped biodegradable implant containing 700 micrograms of active drug, which is slowly released for up to 6 months, thus circumventing the need for monthly injections [42] . Regulatory approval for the 0.7 mg implant for clinical use in DME was based on several clinical trials performed in patients with diabetes where the implant, in association with laser therapy or as monotherapy, was compared to laser therapy alone or to sham procedure. In the above-mentioned MEAD trials on a total of 1048 DME patients, the proportion of patients reaching improvement in BCVA ≥ 15 letters from baseline to the end of the study was significantly higher in the 0.7 mg (22.2%) and 0.35 mg dexamethasone implant groups (18.4%) versus the sham arm (12%; p ≤ 0.0018 for both comparisons) after a mean number of injections of 4.1, 4.4, and 3.3, respectively, over 3 years. This clinical efficacy was coupled with a significant reduction in CRT from baseline, and the improvement in visual acuity was independent of lens status at baseline and observed in both phakic and pseudophakic eyes [41] .
One important aspect seen during the clinical development of the dexamethasone implant is related to its systemic safety profile. It was shown that intravitreal administration of dexamethasone provided optimal concentrations to the vitreous without systemic effects: In particular, in a preclinical study on rabbits, the pharmacokinetic systemic profile of dexamethasone phosphate and its metabolite dexamethasone, at low (25 μg/kg) and high (250 μg/kg) doses, was explored through different routes of administration to the retina (intravenous, subconjunctival, and intravitreal) [50] . Plasma concentrations were higher, and plasma elimination was fastest after intravenous administration, followed by a subconjunctival route; intravitreal administration was characterized by the lowest plasma concentrations during 24-h monitoring and by a depot effect, which make it suitable for drug delivery in the back of the eye [50] . Several studies in humans exploring, through different study designs, topical, oral, peribulbar, subconjunctival, and intravitreal dexamethasone administration, helped to characterize the local intravitreous and systemic pharmacokinetic profile of each route, highlighting that the intravitreal use of dexamethasone achieves the highest local concentrations with the lowest systemic distribution [51] [52] [53] [54] [55] .
These pharmacokinetic characteristics influence the systemic safety profile of dexamethasone. The 3-year results from MEAD trials in patients with DME showed no difference between the dexamethasone arms and sham in systemic serious adverse events, which included cardiac disorders (such as coronary artery disease and MI), cerebrovascular accidents, and vascular events [41] . This finding was confirmed in a recent systematic review of real-world studies performed with repeated use of a 0.7 mg dexamethasone implant in subjects affected by DME: A good overall safety profile was seen in the long term (mean follow-up duration ranged from 5.5 to 23 months in the different studies), even in the presence of a shorter retreatment time than usually indicated (5.3 vs. 6 months) [56] . Data from real-world experiences in DME are, indeed, an important piece of information on long-term dexamethasone use, considering the chronic nature of this therapy in a population with persistently high CV risk over time. One of the largest real-life studies assessing the safety of intravitreal dexamethasone implant injections in various retinal conditions including diabetic macular edema (1434 eyes) has recently confirmed both the local and systemic safety of the implant; cataract progression and intraocular pressure rise were the most common side effects, but they were easily manageable with a limited number of additional procedures [57] . Finally, the systemic safety profile of the dexamethasone implant is also reflected in the Summary of Product Characteristics, where the only reported systemic adverse drug reactions are headache and migraine [42] .
Therefore, in taking a holistic approach to the patient with diabetes and macular edema, the favorable efficacy profile and minimal systemic adverse events for intravitreal corticosteroids, especially the dexamethasone implant, may represent a fundamental element in the therapeutic choice when considering the high CV risk of some of these patients. Indeed, the EURETINA Guidelines, which consider pharmacological intravitreal treatments as a first-line approach to DME, although recognizing the fundamental role of anti-VEGF drugs, consider corticosteroids as a crucial component of the therapeutic armamentarium. Thus, steroids, and firstly dexamethasone, must no longer be considered as the second choice, especially when considering the wider effects of VEGF inhibition [16, 58] . Corticosteroids should be used as a first-line therapy in the subset of patients with a history of or recent major CV events in both the short and long term (even years after the event), considering on the one hand that these patients were excluded from registrative trials with anti-VEGFs and, on the other, the recently demonstrated increased risk for death and cerebrovascular accidents in high-risk patients treated with anti-VEGF agents for 2 years [16, 36] .
Relevant points
• Use of corticosteroids for the treatment of DME can target the multifaceted inflammatory pathways involved in the pathogenesis of DR, with a more comprehensive spectrum of action compared to anti-VEGF agents (which act only on one component of the inflammatory cascade). • The steroids (triamcinolone acetonide, fluocinolone acetonide, and dexamethasone) used in DME are not all the same, and differences in structure, anti-inflammatory potency, pharmacokinetics, receptor binding, water solubility, and effect on the trabecular meshwork can have an impact on the efficacy and safety profiles. • Dexamethasone shows the highest aqueous solubility and, as a consequence, a short half-life that necessitates administration with a prolonged-release intravitreal implant. This characteristic is also responsible for the very low level of binding to the trabecular meshwork and lens. From a clinical standpoint, this aspect is strictly related to the lower incidence of ocular side effects (cataract and increased IOP) observed with dexamethasone as compared to the other two steroids in clinical trials. • An intravitreal route of administration has been identified as the best way to provide higher local intravitreal dexamethasone concentrations with low levels of systemic exposure. This characteristic means that the incidence of serious systemic adverse events (including cardiac disorders and vascular events) is similar between active dexamethasone treatment arms and sham/laser therapy in clinical trials, with a good overall safety profile in realworld studies. • The favorable systemic safety profile, even in the long term, clearly differentiates corticosteroids from anti-VEGF agents since these latter agents may inhibit plasma-free VEGF due to their systemic presence. • EURETINA Guidelines suggest that corticosteroids, and dexamethasone as the preferred agent, should be considered as first-line therapy in patients with high CV risk, such as a history of or recent major CV events.
Clinical use of steroids in diabetic macular edema
In addition to patients with high CV risk, other patient categories might benefit from the clinical use of steroids for DME. Corticosteroids can be considered as a first choice in subjects who are not willing or not compliant with monthly treatment (such as in the case of anti-VEGF agents) or more frequent monitoring visits [16] . In a recent trial comparing dexamethasone intravitreal implant and ranibizumab in DME, steroid use was non-inferior to anti-VEGF agents in terms of improvement of visual acuity at 12 months with a similar reduction in CRT, coupled with a lower mean number of injections per patient (2.85 vs. 8.70 implants with dexamethasone and ranibizumab, respectively) [59] . Clinical studies have suggested that eyes with DME switched to dexamethasone implant because they were considered refractory to anti-VEGF therapy after three monthly injections had better visual and anatomical outcomes at 12 months than those that continued anti-VEGF treatment [60] . It should be highlighted that the relationship between frequency of administration and adherence to/persistence on treatment is well known, especially in chronic conditions such as diabetes [61, 62] , and that intermittent dosing (for example, once-weekly administration) has been associated with an improvement in adherence [63] .
Corticosteroids are also a valuable alternative in pseudophakic patients (phakic patients should be informed about the risk of cataract with steroid use), in non-responders to anti-VEGF therapy, and in patients in whom anti-VEGF therapy is contraindicated (such as pregnancy, in addition to high CV risk) [16, 58] . Finally, intravitreal dexamethasone may reduce peripheral retinal ischemia [64] , thus improving severity and delaying progression to proliferative DR [65] .
Conclusions
Management of DR is a complex task requiring a multidisciplinary approach. A close relationship between the diabetologist and ophthalmologist is fundamental to simultaneously control for metabolic factors (such as glycemia, hypertension, and hyperlipidemia), assess the CV risk profile, and manage DME with the appropriate treatment in the individual patient. The vascular neurologist should consider the increased risk of stroke in patients with DR, and patients with stroke and a past medical history of diabetes or first diagnosed with diabetes during hospitalization in the stroke unit should undergo evaluation by an ophthalmologist. In patients with DME, concomitant pathologies, presence of multiple diabetic complications, level and long-term persistence of CV risk, as well as patient compliance, should be carefully evaluated, with the aim of establishing a tailored therapy for ocular disease without losing a focus on a holistic approach to diabetes management. In this context, CV risk assessment is crucial for an appropriate therapeutic choice in DME, with recent guidelines suggesting the use of corticosteroids, and in particular dexamethasone intravitreal implant, as a well-tolerated and efficacious first-line treatment in patients with a history of or recent CV events.
In this subset of patients, the use of corticosteroids should be applied with no time restriction considering the first CV event. Real-world experience on the chronic use of dexamethasone supports its long-term safety profile, which is an essential consideration in the light of the need for prolonged treatment and the increased CV risk present in patients with diabetes and DR/DME.
